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(57) ABSTRACT 
In order to clean a porous body in a short time Without 
causing any change in its structure, in a cleaning method of 
cleaning a porous body formed by anodiZation, the porous 
body is cleaned after the anodiZation is completed, With a 
cleaning solution containing at least one of an alcohol and 
acetic acid. 
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METHOD OF CLEANING POROUS BODY, AND 
PROCESS FOR PRODUCING POROUS BODY, 
NON-POROUS FILM OR BONDED SUBSTRATE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a method of cleaning a 
porous body, and a process for producing a porous body, a 
non-porous ?lm or a bonded substrate. More particularly, 
this invention belongs to a technical ?eld of a production 
process in Which a method of cleaning a porous body after 
anodiZation can be improved to form a non-porous ?lm 
having a uniform thickness. 

[0003] 2. Related Background Art 

[0004] In the folloWing description, the case of porous 
silicon is taken as an eXample of the porous body. 

[0005] Porous silicon Was discovered by A. Uhlir and D. 
R. Turner in the course of their researches made on the 
electrolytic polishing of single-crystal silicon biased to 
positive potential, in an aqueous hydrogen ?uoride (herein 
after often simply “HF”) solution (i.e., hydro?uoric acid). 

[0006] Since then, With utiliZation of the property of 
porous silicon that is rich in reactivity, studies are made on 
its application to the step of interelement isolation that 
requires formation of a thick insulating material in a silicon 
integrated-circuit fabrication process, and a technique of 
FIPOS (full isolation by porous oXidiZed silicon) has been 
developed in Which device elements are full-isolated by a 
porous silicon oXide ?lm Imai, Solid-state Electron 24, 
159, 1981). 
[0007] Recently, also proposed in, e.g., Japanese Patent 
No. 2608351 and US. Pat. No. 5,371,037, is a technique in 
Which a silicon epitaXial layer groWn on a porous silicon 
substrate is bonded to the surface of an amorphous substrate 
or single-crystal silicon substrate optionally via an oXide 
?lm to obtain an SOI (silicon on insulator) substrate. 

[0008] Besides, Japanese Patent Application Laid-Open 
No. 6-338631 discloses a technique taking note of porous 
silicon as a light-emitting material such as What is called a 
photoluminescence material or electroluminescence mate 
rial. 

[0009] AnodiZation is commonly used to form porous 
bodies. 

[0010] As an eXample of the formation of porous bodies, 
an apparatus for producing porous silicon by subjecting a 
silicon substrate to anodiZation is shoWn in FIG. 18. 

[0011] The apparatus or unit shoWn in FIG. 18 is one 
disclosed in Japanese Patent Application Laid-Open No. 
60-94737. This anodiZation apparatus comprises anodiZa 
tion baths 61 and 62 made of an HF-resistant material 
TEFLON (a trademark of Du Pont, USA.) which are so 
provided as to hold betWeen them a silicon substrate W as 
a treatment target. The baths 61 and 62 are provided With a 
negative electrode 63 and a positive electrode 64, respec 
tively. The baths 61 and 62 have grooves made in the 
sideWalls coming into contact With the silicon substrate W. 
In these grooves, sealing members such as O-rings 65 and 66 
made of ?uorine rubber are respectively ?tted. Thus, the 
baths 61 and 62 holding the silicon substrate W are sealed 
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With the O-rings 65 and 66. The baths 61 and 62 sealed in 
this Way are ?lled With aqueous HF solutions 67 and 68, 
respectively. 
[0012] Some anodiZation apparatus are also proposed 
besides this. 

[0013] MeanWhile, With regard to methods of cleaning 
porous semiconductor substrates after the anodiZation has 
been effected, an eXample is reported in Japanese Patent 
Application Laid-Open No. 10-64870, but it appears that 
very feW eXamples have been reported other than this. 

[0014] For the cleaning of porous bodies structurally hav 
ing a high surface activity, liquid chemicals such as an 
aqueous solution of sulfuric acid and hydrogen peroXide 
(hereinafter “SPM”), an aqueous solution of ammonia and 
hydrogen peroXide (hereinafter “SC-1”) and an aqueous 
solution of hydrochloric acid and hydrogen peroXide (here 
inafter “SC-2”) can not be used, Which are commonly used 
to remove organic matters, particle deposits or metal depos 
its. Accordingly, a cleaning method is proposed in Which 
pure Water provided With ultrasonic energy is used in place 
of these to remove foreign matters having adhered to porous 
layer surfaces, as disclosed in Japanese Patent Application 
Laid-Open No. 10-64870. FIG. 19 is a How chart of the 
steps of such cleaning. Aporous body having come out after 
it has been anodiZed in a step STP1, is cleaned in a step 
STP2 With the pure Water provided With ultrasonic energy, 
folloWed by drying in a step STP3. 

[0015] The above publication also discloses a method in 
Which the porous layer surface is hydrophilic-treated With 
oZone Water or hydrogen peroXide Water and thereafter 
cleaned With the pure Water provided With ultrasonic energy. 

[0016] HoWever, in the cleaning of porous semiconduc 
tors, of course the cleaning of surfaces is indispensable, but 
it is important hoW the anodiZing electrolytic solution hav 
ing entered ?ne pores are removed. This is because, hoWever 
the surface has been cleaned, the electrolytic solution (usu 
ally an aqueous HF solution With a concentration of 10% by 
Weight to 50% by Weight) remaining in pores causes a 
change in structure of the porous body. 

[0017] In addition, the HF having vaporiZed gradually as 
HF gas from the interior of pores may corrode the surround 
ing devices. Moreover, particles generated as a result of 
corrosion may contaminate the substrate. 

[0018] Furthermore, since it takes a time to replace the HF 
in pores With the pure Water, the cleaning With pure Water 
must be carried out for a long time. In such a case, the porous 
body may crush in the pure Water to cause a difficulty that 
particles are generated in a large quantity. 

[0019] Such porous bodies are also preferably used in the 
production of bonded substrates utiliZed in SOI techniques. 

[0020] FIG. 20 is a diagrammatic vieW to illustrate a 
process of producing a bonded substrate. 

[0021] First, in a step S1, a non-porous substrate 1 such as 
a single-crystal silicon Wafer is prepared and its surface is 
made porous by anodiZation to form a porous layer 2 formed 
of single-crystal silicon. 

[0022] Next, in a step S2, the porous layer 2 is cleaned 
With pure Water to Wash aWay the foreign matters adhering 
to the porous layer or the electrolytic solution for anodiZa 
tion. 
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[0023] Subsequently, in a step S3, a non-porous layer 3 
formed of single-crystal silicon is epitaXially grown on the 
porous layer 2 by, e.g., CVD (chemical vapor deposition). 

[0024] Then, in a step S4, the surface of the non-porous 
layer is thermally oxidized to form an insulating layer 4. 

[0025] In a subsequent step S5, the surface of the insulat 
ing layer 4 is bonded to a supporting base 5 prepared 
separately, to from a multi-layer structure in Which the 
non-porous layer 4 is positioned inside. 

[0026] In a step S6, the non-porous portion of the substrate 
1, having remained Without being made porous, is removed 
by grinding and by ion etching subsequent thereto. 

[0027] Then, in a step S7, the porous layer 2 thus uncov 
ered is removed by etching With an aqueous solution con 
taining HF and H202. 

[0028] The surface of the non-porous semiconductor layer 
may optionally be smoothed by heat treatment made in a 
reducing atmosphere containing hydrogen, thus a bonded 
substrate is obtained Which has a thin semiconductor layer 
on an insulating layer formed on a supporting base. FIG. 21 
illustrates the top surface of a bonded substrate obtained in 
this Way. Reference numeral 12 denotes a notch. 

[0029] HoWever, upon observation of the surface of the 
non-porous semiconductor layer thus formed, feW circular 
spots 11 (haZes) Which look optically different from their 
surrounding area are often seen. As a result of careful 
observation of the circular spots 11, this has been found due 
to the fact that the non-porous layer present on the insulating 
layer formed on the supporting base stands locally small in 
thickness (or thin). Namely, the non-porous layer proved to 
have locally caused microscopically uneven ?lm thickness. 

SUMMARY OF THE INVENTION 

[0030] An object of the present invention is to provide a 
porous-body cleaning method by Which the anodiZing solu 
tion can Well be removed from the porous body Without 
causing any change in porous structure of the porous body 
and even When cleaned for a short time, and provide a 
process for producing a porous body. 

[0031] Another object of the present invention is to pro 
vide a porous-body cleaning method Which may hardly 
cause corrosion of the surrounding devices, and a process for 
producing a porous body. 

[0032] The cleaning method of the present invention is a 
cleaning method of cleaning a porous body formed by 
anodiZation, and is characteriZed by comprising the step of 
cleaning the porous body after the anodiZation is completed, 
With a cleaning solution containing at least one of an alcohol 
and acetic acid. 

[0033] The porous-body production process of the present 
invention is characteriZed by comprising the step of sub 
jecting a non-porous body to anodiZation and thereafter 
cleaning a porous body With a cleaning solution containing 
at least one of an alcohol and acetic acid. 

[0034] Still another object of the present invention is to 
provide a process for producing a non-porous ?lm and a 
bonded substrate Which are free of uneven ?lm thickness. 

Feb. 7, 2002 

[0035] The above process of the present invention is 
characteriZed by a process for producing a non-porous ?lm 
or a bonded substrate, the process comprising the steps of 
forming a porous layer by anodiZation, bonding to a sup 
porting base a non-porous layer formed on the porous layer, 
and removing the porous layer, Wherein; 

[0036] the process further comprises the step of, after 
the anodiZation is completed, cleaning the porous 
layer With a cleaning solution containing at least one 
of an alcohol and acetic acid. 

[0037] At ?rst, the present inventors had thought that the 
haZes stated previously occur because of conditions at the 
time of anodiZation or etching conditions Which are not 
optimiZed When the porous layer is removed from the 
surface of the non-porous layer. HoWever, any adjustment of 
these conditions Was found not to so much affect the 
controlling of uneven ?lm thickness. Then, further studies 
made by the present inventors have revealed that the uneven 
?lm thickness is caused depending on the treatment made 
after anodiZation. 

[0038] Accordingly, in the present invention, the above 
cleaning method is employed in Wet cleaning after anodiZa 
tion so that the non-porous layer of the bonded substrate may 
hardly cause uneven ?lm thickness. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] FIG. 1 is a How chart of the steps of cleaning a 
porous body according to the present invention. 

[0040] FIG. 2 is a diagrammatic cross-sectional vieW of a 
porous body standing immediately after anodiZation. 

[0041] FIG. 3 is a diagrammatic cross-sectional vieW of a 
porous body after the porous body standing as shoWn in 
FIG. 2 has been cleaned With pure Water immediately after 
anodiZation. 

[0042] FIG. 4 is a diagrammatic vieW to illustrate the 
action of the cleaning With an alcohol according to the 
present invention. 

[0043] FIG. 5 is a diagrammatic vieW to illustrate the 
action of the cleaning With pure Water, used in the present 
invention. 

[0044] FIG. 6 is a diagrammatic vieW shoWing an anod 
iZation-and-cleaning unit used in the present invention. 

[0045] FIG. 7 is a diagrammatic vieW shoWing a system 
having an anodiZation unit and a cleaning unit separately, 
used in the present invention as another type. 

[0046] FIG. 8 is a diagrammatic vieW shoWing a cleaning 
and-drying unit used in the present invention as another 
type. 

[0047] FIG. 9 is a diagrammatic vieW shoWing a cleaning 
and-drying unit used in the present invention as still another 
type. 

[0048] FIG. 10 is a How chart of a process for producing 
a bonded substrate according to the present invention. 

[0049] FIG. 11 is a diagrammatic vieW shoWing part of an 
anodiZation unit used in the present invention. 

[0050] FIG. 12 is a diagrammatic vieW shoWing an anod 
iZation unit used in the present invention. 
























